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Introduction
The Cape Verde Frontal Zone forms the southeastern boundary of the North Atlantic subtropical gyre (Figure 1) . A significant part of the recirculation is found here in the Canary Current, arriving from the north and being transformed into the westward flowing North Equatorial Current.
In the main thermocline, relatively warm and haline North Atlantic Central Water in the northwest is opposed to colder and fresher South Atlantic Central Water in the southeast. The front between the two types of central water extends from southwest to northeast in this region, which is different from its generally zonal orientation in the open ocean [Tomczak, 1984] .
Since earlier studies were conducted [Barton, 1987; Tomczak and Hughes, 1980; Tomczak, 1981] , the Cape Verde Frontal Zone has been the subject of intensive observations. The measurements provide details of the water mass structure [Fiekas et al., 1992; Klein and Siedler, 1995] and evidence of strong oceanic fronts with meandering and mesoscale activity [Zenk et al., 1991; Klein and Siedler, 1995] . Efforts have been made to determine timescales and energy partition in the region [Onken and Klein, 1991 ] .
Various model studies have provided results, including the Central Water Boundary [e.g., Cox, 1985; Spall, 1990 Spall, , 1992  Treguier, 1992; Spall et al., 1993; Beckmann et al., 1994], or were specifically aimed at this particular front [Onken and Klein, 1991] . In the present study we intend to provide some further insight into the processes that control the energy of the flow in the Cape Verde Frontal Zone and to obtain quantitative estimates. We compare mechanical energy terms from observations and from a model for the frontal region, and we determine the rates of conversion between the mean and eddy kinetic energies and the potential energy from the model. The terms for energy conversion can be found by constructing equations for the time derivatives of the energy terms [Orlanski and Cox, 1973; Harrison and Robinson, 1978] The terminology of Bleck [1985] is used here for C; that is, a positive value for C (A,B) means conversion of energy of type A into that of type B. An analogous set of equations derived by Bleck [1985] for isopycnal coordinate systems is applied in the model in the same form as that used by Bleck and Boudra [1986] , who avoided distinguishing between mean and eddy potential energy in the conversion, considering only their sum as potential energy (PE). Such a division is unnecessary as long as energy conversions are considered in order to identify the physical mechanism of instability. For more details, see Bleck [1985] or Boudra et al. [1988] .
For the purpose of studying the time development of the energy conversion in the model, the terms are used also as momentary (not yet time averaged) quantities. In this case they are denoted by (lower case) c(A,B). In addition, it is worth mentioning that at any instant the temporal mean (denoted by the overbar in (1)- (8) Two of these moorings were part of a previously deployed chain of moorings crossing the Central Water Boundary, which determined the horizontal distances between the moorings. Since these are larger than the local Rossby radius of deformation (•50 km in this area), the fluctuations of properties are likely to be incoherent [Spall, 1990; Emery et al., 1984] and cannot be used for the calculation of energy transfers. The mooring data will, however, provide estimates of the energy terms for the region.
Model
We use a Bleck and Boudra type isopycnic primitive equation model [Bleck, 1978; Bleck and Boudra, 1981] and y are referred to as "along-channel" and "cross-channel" coordinates, respectively, rather than "zonal" and "meridional." Model initialization is made by fitting the initial density and temperature fields to a representative cross-frontal conductivity-temperature-depth (CTD) section [Zenk et al., 1991] while conserving isopycnal potential vorticity. The isopycnal slope corresponds to a geostrophically balanced initial jet that may be interpreted as the undisturbed Canary Current. After superimposing small disturbances to the jet, the model is run without external forcing, subject to internal friction only. In our particular experiment the total run time is 700 days. During this time the total energy in the system decreases to 77% of the initial value, and the total model run time is therefore considered sufficiently short for a study of energy and conver- Values h min, h ...... and h ma x denote the minimum, mean, and maximum lower interface depth, respectively, of each layer.
Energy Terms
We first present the results from the current meter observations. An analysis of the velocity data using cumulative averaging showed that the time series obtained from moorings W3, W3.5, and W5 were long enough to obtain stable mean values for the derivation of the energy terms MKE and EKE. The only exceptions are the records from the current meters at the 400-m level of W3 and W5 and the 1200-m level of W3.5. Table 3 Table 3 ). ously, the barotropic instability term of energy conversion, C(MKE,EKE), is of minor importance and close to zero in relation to the remaining terms.
Temporal Changes of Conversion Terms
Strong averaging of the conversion terms in time and/or space provided an overview of the magnitudes and made the results comparable to observations. On the other hand, information that may be useful for understanding how the system works is lost in this process. In order to provide this information, we present the energy conversion terms in their evolution in time.
First, we present time series of layer averages, with averaging again done over a 800-km-wide zonal strip. 
Conclusions
The purpose of this study is to provide new information on energy and energy transfer terms in the Cape Verde Frontal Zone, i.e., the transition between the southeastern subtropical North Atlantic and the eastern equatorial regime.
We compared kinetic and potential energy terms from noncoherent mooring observations and an isopycnic frontal model. In contrast, refinement of the grid size led to an increase of the basin-wide energy conversion by about 10% and an eddy kinetic energy level that was about 50% higher than in the low-resolution run. We conclude that sufficient horizontal resolution far beyond the Rossby radius is essential for obtaining correct energy levels. Another reason for the still too low energies may be the general setup of our model transforming the real nonzonal mean flow of the Canary Current into a zonal flow with reduced/3 and superimposed by a perturbation, the wave vector of which is oriented parallel to the mean flow. According to Spall [1994] , enhanced growth of unstable waves and a higher level of eddy kinetic energy may be expected in the case of a nonzonal mean flow perturbed by waves inclined to the mean flow direction. In addition, Spall [1990] The present study also demonstrates that the selection of spatial and temporal averaging has a major influence on the magnitudes of transfer terms, because the horizontal distribution of active transfer regions is closely related to the structure of transient eddies.
